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(54) MANUFACTURE OF REFRACTIVE INDEX DISTRIBUTION TYPE OPTICAL FORMED BODY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing method of a refractive index 
distribution type optical formed body for optionally controlling a refractive index in a minute 
area and coping with even the optical formed body larger than usual. 

SOLUTION: This manufacturing method comprises irradiating the optical formed body with a 
laser beam, inducing a photochemical reaction by non- resonant multiphoton excitation onto an 
irradiated area and changing a refractive index. By continuously or discontinuously changing an 
irradiation time or/and light intensity according to a position to be irradiated, various GRIN 
lenses, an optical diffraction grating, an optical integrated circuit, etc., in addition to a GI type 
optical fiber are manufactured. By this method to irradiate the beam of a wavelength region 
unabsorbed by the optical formed body compared with refractive index control by usual 
photochemical reaction, the attenuation of the beam by the absorption is eliminated. Thus, this 
method is applied to manufacture a large-sized refractive index type lens, etc., also. 
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t>Sv\ 

[0 0 7 5] $fcP7 TO^«*m/T* 7 7>^ 

©^wf* 1 ^im^-oxmizmftzu- 
*f-mm 2 a m&Zs p 7 Ktt©ft«M 1 © 

teonrgffclfc/hS So 1 

[0076] s^m^Lm @8^-r«t5 

£k is— 9*-0¥fr31£2 b WMfcTO^IJU 
2-eS7^ffl^Sc^T#S 0 Hi^S^c^ 

[0 0 7 7] K±^/c7?r£T«L/cG I ^P-y K£ 

tSc^T^So MfW^iffl^ffl^nstofiM 
So c0<J:5&£&T*{t5ftfc3E77>r>W^ 
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[0 0 7 8] ttc, 7MM*^#>7 7^/<M;M 

mmv^mxG imyt77j^-tt%ctt>x%% a 
7r^^-(Dmm^-Dxm^ mmm 

[0 0 7 9] ^tlldmS-T, H*^77^^-©S^7? 

iRifct^if^'&n^ 77^^-©^^ifi^?»MHt^ 

ttTM#WSt»l^L/cG I S^77^-^t 

[0 0 8 0] ZtdZ, 77^;^^fi« ff> 

^ 7 7-r^-©S®±fcfitg?^ ^©$$H*^7 

)t77Y^-^ftSfSCh^TtSo 
[0 0 8 1] K±$^fc, P7 K$>SWi7 7^-cD 

« p-+f'-«g& mmmimmbrcxnt 

tSCh^TfSo CftfCfcDH&t/tG ISt^77^ 
;^&H£S}§tS<:^nj^-efeSo 

[0 0 8 2] S^cG lS^77^-©g[J©S)i77& 

-v-yt*m t s c t t .t o r 7 7 ^ tc p-tf 
-)t%afig*-&So ^s^w^^^tis^ 

£ C S o ®#7 7 ^ ; * 

?\ jiiagp^(ii§<*So ^t^ift^WK 
x^xmmmz <%%m&x&m, 77^^-0 
^bximmm< , mmxm&^mjrmmm 

G 1^77^^-h^So 
[0 0 8 3] ^©ffi, §Sff^cD^JtM*tMLT, 
^if-^^^f S C tc «fc D , M L fcli^^MfjT 
^^LfcMfjT^«^JtM*^fS C 
So ra^§«cioTHSW B !tL<«^ 

Lrffl$m%mfT&Mfc*$%-&z£ftr*%z 0 ss^ 

[0 0 8 4] mum 9 fc^t <fc 5 fc, R^O^fig 
J^ftl fcMffiiftftiRD 3£/TLTl^f-cDTO£2 
b ^re^So Ix D 3 S C t 

t <fc D ^ ffi^ i:MS-?f$ WsTOft S /c 46MSf 
^JtirSCh^T^So ^D^^I^TSC Wei 

[0 0 8 5] fesv^i, ft^jSJ&ftfcP-if-o&jgft 

s /eft, m mzmjrWMMftm m 

X^#SCt^TtS 0 
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[0086] fcswi, m%z*fr£?, mmm 
© t § j£4f s /c 46 m v-*f- 1 mmmv z%t>* 

i&ilStfTfe&lA, ^fcFli^yX; ^UXA^F*Bf 

[oo8 7] ma«\ h i omt&sicmmt&m 
mmmm i ±tc i^-otoe 2 b 

£&oT$flS#&tf5!$lff 3 0 *©i& y-+f-© 

^Mfi&HW#K^ft£*ft«;\ ^^£^2$ 10 
s\mmftmtt% grin y yx^ts c t^-et 

ttT*&< y-^-7£©lMfi£M<:^2-£S c £ 

k<j: dsjMBu^ aiiMpyx^aicfeMJSTf 

Xte^Jlu ny^hyyX^^pyyX^ifeffl 

^scfc^tSo mftm^zmt%tt$> 20 
iMM^uyx^rf , ^oi/yXfcit^d 

fc 5 £gi$t Sc^^iSo 
[0088] SfcGRI Nl/yXttMMOfflSf*^*§! 
P y K £ fctt)K7 fc J: o X t># 

[0 0 8 9] mfrm^muyV^tdiftyr 
Jrt-%miLXGR I Nl/yXfctSfc^ jg-n% 

rwfcrscfctcitJ^^pi/^xrwfctsc 

fctfTftSo CCi^, — 3— DOl/^XtfGR I NU 30 

yx©fcafiPB&«ff#5*u mmw yyx^inr 
>fx^wtcfflv^nSo 

[0 0 9 0] )MM*^y-^-7^§L&^M 

iff s «: t tc <fc d 7£«M£fFS-f § c 1 1 r* t § o m 
m% tmc miz£?xmMm*mffimc%z 

/c, ¥tT^a^<^^M^ti«\ mmm%3% 40 

^»^gfS c fcfcj; t> 3 ^TcWfc^SUEfe^ S 

g mmim£?&zt&x*%Zo 

[0091] mm. mmz^fMUfcmt-z&Kft 

h MMt S c £ & T* § S o M$ L fc D y-+f-©H 

wtcfi^ifH^fi < l/cd m&m < L/c D , S 
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t^yttzctftx^Zo c <oyt* * y mp^i 

[0 0 9 2] $fcS I SISKIUtB, tMM* 

[0093] ^^t^g-rs^o^^-ynyy© 

S c i: T* 1 3o 7t#?M©*I^ii#?M©^«^ 
i 9 1 4 ©;^-y^ J; c t\L «fc D 

yxh^jSfflt-schfeT^So -7x^;^-y^ii« 

[0 0 9 4] )^@fjT^?©ftStfe^Tii, ^fi5c^* 

[0095] ?e>(i:^0fm?^ftStS^t^, y- 
1f-3tK: «ML fc - y^Mt s c fc <fc 

-y^ffM^-^s^ri ^ bxit, mmmzttixm 

^ xy 7 h^LTy-^t^itf LT$^?-y 
%itr8JS, fesv^iy-^-^©-g^its^ 
£ftftfcn»ft2fts y-^-^^©T^^ 

y-^-mBs#iifi^cD^fi^ft$-&s c ttc <t 

fi^^^tfS^JT^^ftST^So 
[0 0 9 6] $5ty-^-^j;DJfML/c^#;^- 

[0 0 9 7] 

KSffiM] £On HffiMtiD$?>t||#:e^<:*%0^ 

[0 0 9 8] (HffiMD G lS^7 7^^-©ftS 
(1) 

tea wytttfem-wtTfito 

00g(0. 8 2 mo 1) , MfcTyt-75 0 g 
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(0. 94mo 1) §1. 6 I <mfctClja%.X&<im 
LfrffZ, 12 4 g ( 1 . 6 2 m o 1 ) OMI^ 
tot /to it^82 0^Sffim ffiiU ^fiict)^ 

7;VrtK2 5g (0. 2 0 5molK hUxf-;l/T 
^>21g (0. 2 0 5mol) ^ 30ml©THF 
icftfrL?, ^W^'J/H^'J;H7g (0. 
1 6 4 mo 1) fcj&dHLfco ^!»%x-r;l/?JfifflL 
*7A{C<toT»i!Lfc:o 10 

AMwwjkf (mm a) mmmz^jitt 

X5/9 5~3 0/7 OfcLfco CCtf, t7?-Al 
Og (52. 5mmo 1 K MMA 2 1 g (21 0mm 

o i) stfi^r^ijA i bno. i a^m? 

m&mw&u TKY\mftLx*z/-Mz.®.x 20 

p^^r^y^ij^fco ira^/cia^uv- 1 
^tco m^x, ^-f^xwrnmumrnmuhx 

i fi^D a - 7 x N - 7 x =.)]/=. h a y Mil^l 

o^y^wco mi 2ic&j&^mz*?o *^w± 

fKiLTMEEL**^ 2 0 O^STMLtf'J x—£?§ 
1LT^2^ Omni, g£ 5 cmOP-yht 

©7^M*l£fFSL/co Wz, HI 3K^-r«fc5fc 
Ctl£^£5fc:@£L4 5 0 r pm/m i nOSSt?® 
Spectra Physics M0P0- 
7 3 0 0P0 (Opt ical Parametri 
c Oscillators) U~*f~ 2 b %U y Ftt 

commm 1 ©ik^^to t»tL/c 0 y-+f-co 

ft&gfcil. 5GW/cm 2 , i&gfci 7 6 0 n m£>W 40 
ftfcLfco ^«t°y*-^6^fflLT0. 5mmx 
0. 5mmtIISL/c 0 1 
©Mil 5 cmfcLfco IfcWf-fcfWftO 

mim^Tco \s~*f~ 2 b OftSfcP 7 Ktt©ft^J&& 

ft l ©¥^7^dMi£-ti\ fio*©glfiig£a^ft 
fcgfc£#&tf£il8l^atfcfc<fc!K pv Kftoft^ 
j&^ft l ®^^lfi^?»MHt*nj-T5»MfcM?Jf*^ 
WJ>tZftft%Bl8.1<#rco ZQ&CVuy K£2 2 0 
0 CtMLlfftSC^(;:j;oT[tg2mm©G I Sft 50 
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7 7^-^ftS L/to ^Wiflf Tl£ Ltc }LZ.h, 
$'b3tm<DW<imft^M AntfO. 0 1 5 X%> D , 

[0 0 9 9] (HffiM2) G iS^7 7^;^ofti! 

(2) 

m 1 4 x o mmm 1 t miz t° ^-2*^ 

Sl@8mm, g£ 3 c m<DP 7 F$©7<MM* 1 £ 

0 r pm/m i n <Dmg.X®fc2i£&ftt>, y— *f-<D 
itS ft 2 a 1 ©|tf|^[&|tc 0 . 0 2mm/m 

1 nt^v-^m&xm^^tco ^7/ y-tf-CDA 

/^^ats 0 )z;/h^ 1 ^T-t^/ii.jfcjK 
mwrnzzoizmtZc ^mmmxn, is-*?- 

(D&tiffimZl. 5GW/cm 2 , Sl7 6 0 nm©I 

t/ o %rc\s-*?-mKt%rctb icm$m 
1 mcom^uy/^ffl^/co M&imic&%mmm 

Ktt©)M«ft l ©^L»p,MiWt< tSH 
M<tSCi:fc:<fcoT\ G iSOPy K^Hi/co ^£>fi 
lO0 7 K£2 2 0°CS-c'MLlffLTIIgl. 5 m 
mCDG lSft7 7^-£fr?SL/c 0 ^«JTfff?« 
Ltc hmm^ AntfO. 0 12 "e+ft&fittf # 
5>tx/c 0 

[0100] (HM1J3) g i wt-yy^^-mm 

(3) 

^MM2 tmfflcxv ^- 2 frt>%mmmm, m 
3 c mcop v mvmi&mzimL mmmm 

Tzo CUft^&ttfC^oT 5 0 0 r pm/m i nOj&g 
*O^^ft©g#^^tC0. 0 1 mm/mi 

n©-^jigr«$^rc 0 y-^-^Sfiao. 5 

GW/cm 2 Sgtt7 6 0nmOt>O%MV>fc o 
-^^src^tl^f 1 mC^MlxyXfcffl^ 
/Co He^fcLTG IfCPy F%mzttfX%, %CD 
ffCCP-y F^2 2 0t*TMLji#LTii@l. 0 
mmOG 1^77^^-^ftSLfco ^WJTlf^iJ 

feLTctc zmmm a n # o . 015 ?+^*f@^ 

f#£tl/Co 

[0101] (USSM 4 ) G I S^/M^ftS 

1 ftm, 1 crnXfigO. 5 c mCDMm^MLftM 

i&mmmm itbtc 0 g i iMW£D«aH 

1 5lC7jkt&O^U— ^~(DMM^2 a^M^/to MO 
PO-7 3 0OPOWf-§0. 02mmX0. 02 

mmom%ftic u mm&zmumcmtziixm 

L/co SJi£3iS%±lf 3fcJ6fc, ^itM* 1%10 0 

KtamLxn^rco u-*?—h^mmmi£X(D 

Vmii5cmtLrco WlJti&WZl. 5 GW/cm 2 
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g i mmmn a rmm^mmm^ o . 002? 

[0 10 2] HIM 5 SIl)tli»ffi 
HffiM 4 tfc1tSMW)Eflff^£ y-+f-©¥ 
ffftfcO. 1 mm/m i nO^Sgt^iL&tf 
|frs<:fcfc<fcD, Hi 6fc*Lrc<fc5&S I St^M 

t%$>(DX&%(DX\ y-tf-T^SfSH^ nrg^ 

[0103] (HIM 6 ) if « i/ y X(Dim ( 1 ) 10 

mt y yxmimmmmm 4 t m mmm^tc 0 

£t\ 4 g PUUkt 1 gDMAPNt£4 5 g^DM 

02 2 mm, |g0. 5 c mOmWfU- b%im 
UUMtLTcoU-^f- (OPO730)£0. 00 
5mmX 0. 0 0 5 nimOlEt U ^©M^lffi 
©«ffi^/c«£ ? fC@SLT 1 HKi Lfto *f 
-Offl^aa 1 . 5 G W/ c m 2 , ffl^Jfigtt 7 6 0 
n mX&?Tc a ftSL/cI^byX«^MJTHt^« 

[0104] (HIM 7 ) U > X(Om ( 2 ) 
HIM 6TPMMA £DMA PN (DUa^iXt D , D 
MAPN£PMMA£>MlfC3 Omo 1 %2>AL/c#y 
-7-^fi5cLTffl^/cfi«, HIM 6 fcl^fcLTS&K 

i/ y xofts^ff o /co its l r C 3*K u yxw$w 

[0105] (HMM8) GR I NU>X(Dim (1) 
HffiMl~3TftSL/cG IS)K77^^^, M<® 30 

fC#ftLfcGR I N^yXW^tl/co 
[0 10 6] (HSSM9) GR I NUyXWS (2) 
DMAPN^PMMAfC^LT 1 Ow t *y h 

7VXti;Dlt@2 cm, 5 mmCDR««WM 

m*^lm^^l/co asitt hi 7Kjjvr<fc5£ 

R*«©7MM* l ©ffM^gffi&gjD 3 zmtt 

- 7 ft tf n u * — > a y 1/ y X 8 t TOKk 
u $ d 3 ^#>/cMifr tcum&tf 5 asifr 40 

So y-^-^R*«©7MM*l tO®«ltt5 cm 
fcLfco %TcU— V-ffiMtt 1. 5GW/cm 2 , S 
Sti7 6 OnmCtO^fco CtUc ioTffiW 

tttfflSttfco ^-«jf*M«0. 0 2 5T&D, ifilH 

[0107] mm io) grin yyxmm 

(3) 

sis^tiHffiM 9 t nwmm^mmm 
m^rco mmmm 1 8 r*«©7^mjm 50 
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l£K9ttttfca3ft5fciO. lrpm/min~5 0 0 
r pm/mi nOftjifi-eHflte-et § <fc3£&oTV> 
§ 0 t Zl-ettlHflSia* 3 0 0 r p m/m i n tfSS 

u y— ^-^ 2 b ^rm^tMcM* 1 otp^^ 5 
MH^ini^ o x&m-$#%& h mm l tc 0 rnmmim 

a^yxmmt %gr 1 Nyyx*m 0 y- 

/etc 5, ItHyyxmffoGR 1 NuyXtft? 

[0108] (hsim 11)3 ^ y ©ft® 
3^7n^ty©«tii*SB*0i 9t^fo y— 9* 

ftoti^o y— ^-AW^^t-fit^KT^srs! 

PltiO. 0 2 5 /im~0. 2 /im©IBHF*}l?@fi{«:iag 
-r-^So MtmiHiO. 001sec~lhrSf 

eiiciJWitfes, ^/c, y-tf-H-At^it 

1 tCP^Plii 0.001 mmf-DMWi$mx& 

o t y y X 9 -e&ftLfc y-tf-^l^^M^©^^ 

fc|iiJi;WiB^b^S2 < in 2 c in x 2 111 111 0) 

HfcfcftLT y-tf-^^^^^Lrco y-+f-© 

tti^?igii 1 . OGW/cm^U i&gfci 7 6 0 n m 
OfeO^ffl^fco ^fM^^I-^ffi^Ty-^-cDl 
^0. 5secS£0. 0 2 5 nmmiZ'&%&t>m 
MLTco m^XU-if-tUmmmZO. 5mm 
mix, mfflcMMLtco dOi^fcLT^ MRt3 

%mm$mt<Dmft^mzo. ooosxm, ^ 

[0 10 9] (HIM 1 2) ^«0K©ftS 
a-7x-;l/-N-7x-;l/-hpy (PPN) ^PM 
MAOliK2 0mo 1 %©fJ^TWf«^y 

U ^^-VX hr£T/?2 5 /i mCDM^ftSLTM^t 
L/io CCDIS^CMLT, 1 0 0 /imtl^X^ML 

opoy— ^-^x^y-w^^/^-stfny 
^->3 yyyXT¥ff^tLrcfe©^Hs#Lrco ffi^j 

^gttl. 5GW/cm 2 , IS(i6 6 0 nmtL/c o 

ISS, 1 0 0 |imOS»/^-ymsMI^ 

y yy^t^L/cgpfu^ h^xy 
[oiio] (hssmi 3) mm^vim 

#U ^-2^fflV^T, 2 cmx 1 cmx 1 0 /xm©7^ 

/bA^ftsb, imttfco ccimtcopoy— 9 1 - 

MLfco tilA7?Sfi«0. 8GW/cm 2 , Jgfitt7 
2 0nmfcLL fig^O^SfcLTtt, H2 0fc^f£ 
5 ^ *f-OTOt 2 b 4 5 0 tCgV^cS^ 1 
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oxEm^x7 ^ nhmmmm 1 ic$mtz 0 
mmm 1 ^si^mg!W£ftfc7fe^jM£ 
n « x m & - y&mzti « o m 1 1 1> k mom 

7» 0.001 mm/m i n 0ffigtT*tm*&Wl1< 

^.m^tbxo. 5 \i mmmmimm^m 

/Co 

[0 111] (gffi&ffll 4) *P7^A©ftS 
MM 7 6 0 n m, 1 G W/ c m 2 © kf-Offr ftfc 
a-7^-T2 0£Dt»:^W\ t>^-3(i!0Mt)ft 
»i2W#7^U fe^t^^DM^Xi^ 10 
^-©^^-y^lMi 2^C)£WMk: 

ttcfc t), sv^tg xmmntzmmmmxt 

[0 112] (^Sfcffll 5) MmmtLTc7Hhh(D 

m 

##ia 2 ^?aiaMiS%iac v p >n#fr^ p 

MMAfCftt/tl 0%K-7°U Xk°>3- hffifcj; D 

ft* N d : Y A G b-^- (ifcg 1 0 6 4 n m) 20 
2^i»£§ 5 3 2 nmWU ^©BfOfiWI 
£#5 7>f;l>i»0ffi8T*g{&&m- 1 i n er£^<£oT 

siijstu Mjf* w> tfc7^ fl/hfcfmtz 

[0 113] 

ib, mm^mmm^LxMmmmx^ 
So ^(Drcmmmk^fcfcizzmmmxmi 30 

xh% 0 &tc\s~^~%xmmmmt%t^ mm 

i?tc)SMT*f « 0 2MifM®G 1^7 7 -I'M-© 
<fc 5 ^S^/ll^XlM^ffi L&l^c 

M^fSTOM] 

[Hi] DMAPN^Jt^TMKX^ h/l/Ogt? 
feSo 40 
[02] DMAPN(DBMmm^tiBmX&% 0 
[03] DMAPN03fe{fcTOS£**BI'e&So 
[0 4 ] 7Mff» W^O&SOfcfcfigtf Lfdl 

^«jt «^x-t m^mx h « o 

[0 5 ] 3£MJ&#£ l^-© W LTcM 
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^mmmt^tmmx % § 0 
[as] p 7 Ymmmm^ is-y-vmm 
mt § nwzm m^mx % § 0 

[07] p 7 K«©^fiScM*t W^f-OiUfiftfc 
lit S 1ffl£mV&m~Z & 3 o 
[08] P 7 K^cDtMM*^ l^-0¥ffft£ 

[0 9 ] d ^/>lt u-v-mm 

lgr i Ni^yXtfS7?ri^tllS0TfeSo 

[010] 3^fi£jfcft£ U~*f~K%MM L G R I N 

[011] mmm^^zftLxu-*f-m 
m l . T^tiwtf § 7?r£^rns0-(:-fe § 0 

[012] a-7i-;V-N-7x^M3y« 

ii{cn-rs#'jv-©^#jn^-r0^fe5o 

[013] Iffil 1 £ It § l^-)Mtf X@£ 
/T^fIS0T ; feSo 
[014] iWJ 2 tfettS kMCSH^ 

^tmmxh^o 

[015] 4 tfeits u-^f-mmMxm 
[016] imj 5 -em bks 1 S3t#5SK%^t 

[017] HfilfiJ 8 KfcttS 1/-^-t££«X@£ 

[018] ^Sfifll 9 fc It 5 tf-ft® SSI* Xg£ 

[019] UMiJ 1 0 fcfc tt 3 P-+f-)t©M*fx@ 
£/f^#OTTr&«o 

[020] ^JfiM 1 2 tCfettS P-^-^^^Xg 

1 )l£^fiSc^ft 

2 a y-^-cD^^ 
2 b l/-1f-OTOt 
3 

4 

5 tSc? 

6 t£y*-/]/ 

7 x^^-v;l/7^;l/^- 

8 nu^-ygyyyx 

9 auyx 

I 0 sis 

I I Mmmu 




m 1 5 ] 
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[Hi 2] 



< 



Step 2 



CH=CCH3 

coo HQ \ / COO-. 



Step 3 



pH3 CH3 
COOCH3 COO-f V-CKQ 



Step 4 



COO-f V- CHO 



w 

ps cm 



m 4 />— n : 



OH 



31 7] 




rV 1 
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[H2 0] 
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mrnvsmmmmm 1 54 - 2 1 7 
02mm *t 

1 54 - 2 1 7 



Ana 

^«tl»±l?i!PT±iyjf 8154-217 

j&g gffl tfl 

MMmm^Tim 3 t a i8#26^ 
*m m 
w?mmm\\% 4 -33-12-102 

F^-A(##) 2H047 AA04 AA08 BBOO BB03 BB12 

EE01 EE02 EE11 EE15 EE17 

EE21 EE24 EE30 GG04 GG05 

2H050 AA11 AA20 AB05Z AB43Z 
AC06 



(72)8 



